Cooperative DNA-protein interactions. Effects of changing the spacing between adjacent binding sites.
Cooperative binding of specific DNA-binding proteins plays crucial roles in gene regulatory circuitry, and is a model system for interactions between proteins bound to DNA. We have studied coliphage HK022 repressor, which binds to two adjacent operators with a cooperativity parameter of approximately 2000. We examined the effect of changing the spacing between these two operators on cooperativity and on the conformation of the complex. Maximum cooperativity was seen with the wild-type spacing; considerable cooperativity was retained for most spacing variants, but was abolished when the operators lay on opposite faces of the DNA helix. Most spacing variants conferred changes in the conformation of the DNA-protein complex. Our data indicate that the pairwise cooperativity observed with the wild-type spacing results from a conformation that prevents protein-protein contacts with flanking bound dimers. We conclude that protein-DNA complexes involving the same specific binding sites and the same protein molecules can adopt many different conformations, depending on the spacing between the binding sites. This conclusion may be broadly applicable to protein-DNA interactions in other systems.